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methane,  nitrogen,  and  hydrogen  are  f re¬ 
in  tin.  industrial  practice  of  the  gas  an  i 


Mixtures  containing 
q ue ti t ly  onceun  tore d 
economical  industry,  for  example  in  the  processes  ot’  conversion 
of  methane,  synthesis  of  ammonia,  and  others.  For  the  hydro- 
dynamic  and  thermal  calculations  of  these  processes  it  is  re - 
.mired  to  know  the  viscosity  coefficients  of  mixtures  containin', 
the  indicated  components  at  various  temperatures  and  pressure. 
At  the  present  time  data  are  available  on  the  viscosity  of  mix¬ 
tures  containing  methane,  nitrogen,  and  hydrogen  which  were 
M.'t. mined  earlier  for  one  binary  mixture  with  given,  composition, 
percentages,  temperatures  and  pressures. 
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THE  VISCOSITY  OF  METHANE-NITROGEN  AND  METHANE-NITROGEN- 
HYDROGEN  MIXTURES  AT  TEMPERATURES  FROM  273  TO  473°K 

AND  PRESSURES  TO  490.3-105  N/m2 


M.  Ye.  Gnezdilov  and  1.  F.  Golubev 

Mixtures  containing  methane,  nitrogen,  and  hydrogen  are  frequently 
encountered  in  the  industrial  practice  of  the  gas  and  chemical  indus¬ 
try,  for  example  in  the  processes  of  conversion  of  methane,  synthesis 
of  ammonia,  and  others. 

For  the  hyurodynamic  and  thermal  calculation  of  these  processes 
it  is  required  to  know  the  viscosity  coefficients  of  mixtures  contain¬ 
ing  the  indicated  components  at  various  temperatures  and  pressures. 

At  the  px-eserit  time  data  are  available  on  tne  viscosity  of  mixtures 
containing  methane,  nitrogen,  and  hydrogen  which  were  obtained  earlier 
L  i  11  for  one  binary  mixture  with  tne  composition  80JE  G'li^  +  20$  N  „  at 
temperatures  of  293,  323-6,  and  373-2L,K  •  nd  pressures  from  0.1013  to 
30.  l'i  iiiN/m"  and  for  three  ternary  mixtures  with  the  composition 
37- CH,  +  J6.80%  H,  +  A5.3A$  N..  at  temperatures  from  2  9  A  .  H  to 

‘4  d  d 

37  3-  '3 J  n  and  pressures  from  0.1013  to  30.39  mN/m''  ;  the  composition 
]y.8$  Cil,  +  2  (l.  7$  H.  +  93-9$  il  .  at  tempera^  ’es  from  285-7  to  j7  3-'C‘K 

li  d  d 

and  pressures  from  0.1013  to  30.39  mN/m  ;  ana  the  composition  17$ 

CH +  62.5$  H,  +  /.).•'->$  N,  at  temperatures  frcm  293  to  Ay 3°K  and  pres- 
sures  from  0.1013  to  81.OA  mN/m  . 

Using  the  capillary  method  on  the  previously  described  installation 
lj  w<  continued  and  expanded  the  measurements  of  the  vis c  >.- i ty  of 
'  x  t  ui'o;  containing  these  components.  we  determined  th  visa-city  of 

:•  :'L-MT-2A-ln8s-7i  1 
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two  binary  mixtures  with  the  compos t tic n  27 • 8$  CH^  t  Is  .s  i  N~  and 

53.1)5  C'Hh  +  44.ii?  N..,  at  temperatures  from  273  to  **73’’K  and  pressu; 
H  ')  L 

tc  4Q .  0  3  mN/ir.1"  and  two  ternary  mixtux-es  witn  the  com::  ar  it  in.,  21.  h? 

49  -  8;C  H0  +  11.42  li2  -at. 

!  niN /■•}-.  The 


and  1 8 . “ %  CH^  + 


Ch ..  ■*•  *.  7  -  H  1  t  20.  1 

*■«  <_ 

t  erupt  re*  fc ares  i'rr. m  27.-  f-  4  73'  ono  pressures  to  4 y. 
results  x.f  the  meat urements  are  given  in  Table-  1-4 
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The  oat  a  obtained  or,  me  methane-nitrogen  binary  mixtures  were 
processed  in  cucrdinat0-  "excess  viscosity  ( h  rp~r<i|, )  —  density  p 
(fig.  1,  curves  II  ana  Ici).  The  same  processing  was  conducted  for 
tne  iata  of  wore  [1]  '  cm , ■  t:  . 
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Table  3-  Viscosity  (10  ^  N*s*m  *")  Table  4.  Viscosity  (30  K'S'm  ) 
for  a  mixture:  21.8?  CH,  +  57-7%  for  a  mixture:  18.835  CH^  +  49-6? 

H  j  +  20.91  N2-  H2  +  31.4?  N2. 
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As  an  example  Figure  2  shows  the  dependence  of  the  viscosity  of 
the  methane-nitrogen  mixture  c  n  composition  at  a  temperature  of  32'jrK 
'mu  various  pressures.  it  should  tie  noted  that  the  graphic  processing 
ol  the  experimental  data  on  the  dependence  of  tne  viscosity  of  methane 
nitrogen  mixtures  on  composition  and  other  temperatures  showed  a  pic¬ 
ture  analogous  to  that  depicted  Ir.  Fig.  2.  Here  the  data  of  work  [i] 
are  arrange  a  well  ■  r.  .hr-  curves  of  dependence  on  composition  at  all 
tne  investigated  temperatures  .Hr  exception  are  the  data  obtained  at 
atmospheric  pressure;. 

Pig.  2.  The  viscosity  cf  .?  vH,. -fo¬ 
rnix  ture  at  32 3° K  and  various  ptes- 
sures  -  -  according  to  the  au¬ 

thors,  O  —  according  to  work  [1]. 

c  o 

KFV :  (1)  Viscosity,  10  fo’*s,m‘"; 

U)  mfo/M2 


K.gurt  3  depicts  the  results  of  experimental  measurements  for1  one 
tf  the  ternary  mixtures  of  methane -hydrogen-nitrogen,  ouch  a  picture 
is  also  ouserved  for-  th>-  second  investigated  mixture. 

~\  r’’ig.  J .  ine  viscosity  of  the  mix¬ 
ture  id.  8?  Chi4  +  '’I9.fi?  H?  +  3i.  H% 

fo..  depending  on  pressure  and  tem¬ 
po  "at ure 

r'blY  :  (  x  )  Viscosity,  10  ^  fo  •  s  •  rr.2  ; 

(.  . )  Pressure,  lO'’  .‘I/m2. 

I  •  "*  I 

I  li a  I 

Ant/UHur  'D'h/h’ 

(?) 


•"''.fW'WWW'fi'tt  r 


Figure  depicts  the  processing  of  the  laboratory  findings  on 
the  viscosity  of  ternary  mixtures  in  the  coordinates  "excess  viscosity- 
density",  showing  also  that  for  triple  (multicomponent)  mixtures  there 
vs  a  uniform  dependence  of  excess  viscosity  on  density  at  various  tem¬ 
peratures  . 


0  0,05  0.10  0,15  0,23 

l  ^  fl/wmnocmt>,  2/cm3 


Fig.  4.  Dependence  of  (n  nr, ) 

P  J  k  x 

on  density  for  a  mixture. 

KEY:  (1)  Density,  g/cm ^ . 


'-'he  values  of  density  for  ternary  mixtures  used  in  this  process¬ 
ing  were  calculated  according  to  the  Krichevskly-Kazarnovskiy  equation 
[?_'  with  the  constants  given  in  work  [2]. 


C  UK’ ELUSIONS 


The  laboratory  findings,  measured  by  the  capillary  method,  are 
given  for  mixtures  with  the  composition:  27.82  CHJ(  +  T  .2%  -j'j  .  }  % 

:  ,  T  ■’ ,|  •  9  2  ;  21.  82  CH^  +  57-72  +  20.52  N and  18. 82  Cll ^  +  Lo.-i % 

.  ■*  2  N2  at  temperatures  from  2 73  to  ;I73°K  and  pressures  to  h m .  c 


u  l*  : 


-he  processing  of  the  experimental  results  showed  the  unique 
e...:enc;e  of  excess  viscosity  on  density  at  all  temperatures. 
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